Abstract. Most recent input coding schemes in visual-word recognition assume that letter position coding is orthographic rather than phonological in nature (e.g., SOLAR, open-bigram, SERIOL, and overlap). This assumption has been drawn -in part -by the fact that the transposed-letter effect (e.g., caniso activates CASINO) seems to be (mostly) insensitive to phonological manipulations (e.g., Perea & Carreiras, 2006 Perea & Pérez, 2009 ). However, one could argue that the lack of a phonological effect in prior research was due to the fact that the manipulation always occurred in internal letter positions -note that phonological effects tend to be stronger for the initial syllable (Carreiras, Ferrand, Grainger, & Perea, 2005) . To reexamine this issue, we conducted a masked priming lexical decision experiment in which we compared the priming effect for transposed-letter pairs (e.g., caniso-CASINO vs. caviro-CASINO) and for pseudohomophone transposed-letter pairs (kaniso-CASINO vs. kaviro-CASINO). Results showed a transposed-letter priming effect for the correctly spelled pairs, but not for the pseudohomophone pairs. This is consistent with the view that letter position coding is (primarily) orthographic in nature.
In the past years, there has been growing interest in how letter positions are encoded within a word. One of the most examined (and replicated) findings has been the so-called transposed-letter effect: a transposed-letter nonword such as cholocate is more perceptually similar to the word chocolate than the orthographic control nonword chotonate (e.g., see Grainger & Whitney, 2004; Johnson, Perea, & Rayner, 2007; Perea & Lupker, 2004; Rayner, White, Johnson, & Liversedge, 2006) . This robust finding poses some obvious problems for position-specific (''slot'') coding schemes (interactive-activation model, McClelland & Rumelhart, 1981 ; multiple read-out model, Grainger & Jacobs, 1996; Dual Route Cascaded model, Coltheart, Rastle, Conrad, Langdon, & Ziegler, 2001) . Note that in a position-specific coding scheme, both cholocate and chotonate are equally similar to chocolate. For that reason, in the past years, several input coding schemes have been proposed that can readily capture the transposed-letter effect (SOLAR model, Davis, 1999; SERIOL model, Whitney, 2001 ; open-bigram model, Grainger & van Heuven, 2003; overlap model, Gómez, Ratcliff, & Perea, 2008) .
One limitation of these new input coding schemes is that, in their current version (see Davis, 2006) , they focus on orthography rather than phonology -indeed, only the SERI-OL model includes a phonological module. One reason why the recently proposed input coding schemes have not specified in detail the role of phonology is that the empirical evidence concerning phonological influences in letter position coding is very scarce. For instance, in a masked priming lexical decision task, Perea and Carreiras (2006) found a significant advantage of the transposed-letter priming condition (relovución-REVOLUCIÓ N) relative to both a pseudohomophone transposed-letter condition (relobución-REVOLU-CIÓ N; note that b and v are pronounced /b/ in Spanish) and an orthographic control relodución-REVOLUCIÓ N, while there was virtually no difference between the phonological and the orthographic conditions. Likewise, Perea and Carreiras (2008) found that the magnitude of the masked transposed-letter priming effect was similar when the transposed-letter prime involved a change in phonology (racidal-RADICAL, the rule-based letter c in the prime has a different sound than the letter c in the target) and when the transposed-letter prime did not involve a change in phonology (e.g., cholocate-CHOCOLATE, the sound of the letter c is the same in the prime and the target). Furthermore, using a syllabic script (Katakana), in which orthography and phonology can be elegantly disentangled, Perea and Pérez (2009) failed to find any signs of a masked priming effect when transposing two vowels/consonants in two internal morae. That is, the nonword prime a.re.mi.ka did not facilitate the processing of the target word a.me.ri.ka relative to the control nonword prime a.ke.hi.ka . However, there is also evidence supporting the role of phonology in early processes involved in visual-word recognition (see Frost, 1998) . More specifically, a recent study of Frankish and Turner (2007) has been taken as evidence of phonological involvement in letter position coding. Frankish and Turner (2007) found that (briefly presented) nonwords formed by transposing two letters were more likely to be misclassified as words if the nonwords were unpronounceable (sotrm; i.e., via an illegal bigram) than if they were pronounceable (strom; via a legal bigram). Frankish and Turner suggested that phonological (top down) feedback modulates the transposed-letter effect. Consistent with this finding, Perea and Carreiras (2008) found that masked transposed-letter priming effects were greater when the transposed-letter primes formed an illegal letter string (e.g., comsos-COSMOS; ''ms'' is an illegal bigram in Spanish) than when the transposed-letter primes formed a legal letter string. However, all these ''bigram frequency'' effects could just be due to orthotactics rather than phonology. As Grainger (2008) indicated, given that ''orthotactics was again (and inevitably so) confounded with pronounceability in this study, it would appear premature to draw any firm conclusions for the time being'' (p. 14).
One possibility is that phonology might co-occur with the early stages of letter position coding and that, for some reason, this phenomenon has not been properly captured in the previous transposed-letter experiment. For instance, one could argue that the reason why Carreiras (2006, 2008) or Perea and Pérez (2009) failed to find a letter/mora transposition effect is that the phonological manipulation always involved internal syllables. Keep in mind that, in syllable-timed languages, masked phonological priming effects are robust in the initial syllable, whereas they tend to vanish in the subsequent syllables (see Carreiras & Perea, 2002; Carreiras et al., 2005; Kouider, Dehaene, Jobert, & Le Bihan, 2007 , for recent evidence). One excellent example is the experiment of Carreiras et al. (2005) . They found faster responses to fomie-FAUCON than to fémie-FAUCON (i.e., a masked phonological priming effect in the initial syllable), but not faster responses to retôt-GATEAU than to retin-GATEAU (i.e., an absence of a phonological priming effect in the second syllable). Carreiras and colleagues concluded that ''phonological processing for polysyllabic words is sequential'' (p. 588).
One direct way to examine this question would be to transpose the initial letters of a word (e.g., sacino-CASINO vs. vamino-CASINO). However, transposing the initial letters produces a vanishing transposed-letter priming effect (see Johnson et al., 2007 for evidence in normal reading and parafoveal previews, and see Perea & Lupker, 2007 for evidence in masked priming lexical decision). But there is another alternative: using the logic of the Carreiras et al. (2005) experiment, we can use the initial phonological syllable and transpose two internal (consonant) letters, as in kaniso-CASINO. This is the manipulation employed in this experiment. If early letter position encoding processes (as captured by a masked priming paradigm) were purely orthographic, then the transposed-letter prime caniso should facilitate the response to CASINO in comparison with the orthographic control prime caviro, and there should be small/null differences between the responses to CANISO when it is preceded by the ''pseudohomophone'' transposed-letter prime kaniso or its appropriate control kaviro. In contrast, if there is a very fast activation from phonology for the initial syllable (as suggested by Carreiras et al., 2005 ; see also Á lvarez, Carreiras, & Perea, 2004) , both caniso-CASINO and kaniso-CASINO should produce a similar transposed-letter priming effect compared with their appropriate control conditions. What we should note here is that in the pseudohomophone transposed-letter priming condition (kaniso-CASINO), the initial letter always has an unambiguous pronunciation (k is always pronounced as /k/), whereas in the transposed-letter priming, the initial letter (c) in Spanish (and other Western languages) has an ambiguous pronunciation which depends on the following letterthat is, we have tried to maximize our chances to obtain a phonological effect.
In sum, we conducted a masked priming experiment to test the role of phonology in letter position coding via a transposed-letter manipulation. Specifically, we examined whether a pseudohomophone transposed-letter prime produces faster identification times on a target word relative to the appropriate control condition (e.g., kaniso-CASINO vs. kaviro-CASINO). For comparison purposes with prior research, we included a transposed-letter condition caniso-CASINO (vs. caviro-CASINO) -note that the pseudohomophone transposed-letter prime always differed in the initial letter. As in prior experiments (Perea & Carreiras, 2006 Pollatsek, Perea, & Carreiras, 2005) , we employed the lexical decision task, because the naming task may have an inherent phonological component (see Ferrand, Seguí, & Humpreys, 1997) . Bear in mind that our main aim was to capture the presence of phonological processes in (silent) word processing.
Method Participants
Twenty-four students from the Universidad del País Vasco took part voluntarily in the experiment. All participants reported being native speakers of Spanish with normal or corrected-to-normal vision. All participants also had some knowledge of Basque -a pre-Indo-European language with no ties to Romance languages.
Materials
A set of 72 Spanish three-syllable words of six and seven letters long (mean number of letters: 6.2) was selected for the experiment (see Appendix). The mean word frequency was 26 per million, range 0.18-352 in the Spanish database (Davis & Perea, 2005) , and the mean number of the orthographic neighbors was 2.4. All the words included a context-sensitive letter (either ''c'' or ''g'') in the first position. In Castilian Spanish, the letter ''c'' sounds /k/ when followed by the letter ''a'', ''o'', or ''u'', but /h/ when followed by the letter ''e'' or ''i''. Similarly, the letter ''g'' sounds /g/ when followed by the letter ''a'', ''o'', or ''u'', but /j/ when followed by the letter ''e'' or ''i''. The targets were presented in uppercase and were preceded by a lowercase nonword prime that (i) shared all the letters with the target, and also all the phonemes save for the first one, with a nonadjacent transposition of two consonants (caniso-CASINO, transposed-letter condition), (ii) was the same as the transposed-letter prime except that the initial letter was replaced by another with the same sound (kaniso-CASINO, pseudohomophone transposed-letter condition), (iii) was the same as the transposed-letter prime except that the transposed letters were replaced by another with a different sound (caviro-CASINO, orthographic control for the transposed-letter condition; note that the shape of the initial letterin terms of ascending/descending letters -was matched with the pseudohomophone transposed-letter prime), and (iv) was a nonword prime unrelated to the target stimulus (kaniso-CASINO, orthographic control for the pseudohomophone transposed-letter condition). None of the nonword primes had any one-letter different word neighbors (i.e., Coltheart's N was 0). An additional set of 72 nonwords with the same syllabic structure of the target words were included for the purposes of the lexical-decision task. The nonwords were created by changing two/three letters from Spanish words, and the manipulation of the nonword trials was the same as that for the word trials. Four lists of materials were constructed so that each target appeared once in each list, but each time in a different priming condition. Different groups of participants were assigned to each list.
Procedure
Participants were tested individually in a quiet room. The experiment was run using DMDX (Forster & Forster, 2003) . Reaction times were measured from target onset until the participant's response. On each trial, a forward mask consisting of a row of hash marks (#'s) matched in length with the target was presented for 500 ms in the center of the screen. Next, a centered lowercase prime was presented for 50 ms. Primes were immediately replaced by an uppercase target item, which remained on the screen until the response. Participants were instructed to press one of two buttons on the keyboard to indicate whether the uppercase letter string was a legitimate Spanish word or not (''m'' for yes and ''z'' for no). Participants were instructed to make this decision as quickly and as accurately as possible. They were not informed of the presence of prime stimuli, and none of them reported (after the experiment) conscious knowledge of the existence of any prime. Each participant received a different order of trials. Each participant received a total of 20 practice trials (with the same manipulation as in the experimental trials) prior to the experimental trials. Each session lasted $ 15 min.
Results
Incorrect responses (6.9% and 4.9% of the data for word and nonword targets, respectively) and reaction times < 250 or > 1500 ms (1.6% and 3.1% of the data for word and nonword targets, respectively) were excluded from the latency analyses. The mean latencies and percentage of errors for the word targets are presented in Table 1 . Participant and item ANOVAs for the lexical decision times and percentage of errors were conducted based on a 2 (Type of prime: Transposed-letter and control) · 2 (Prime/target relationship: Orthography + Phonology and Phonology) · 4 (List: list 1, list 2, list 3, and list 4). List was included as a dummy variable to extract the error variance due to counterbalancing (Pollatsek & Well, 1995) . All significant effects had p values less than the .05 level.
Word Data
The latency analysis revealed an interaction between Type of prime and Type of prime-target relationship, F1(1, 20) = 4.48, MSE = 746.5; F2(1, 68) = 4.60, MSE = 4,331.6: This interaction reflected a 23-ms transposed-letter priming effect for caniso-CASINO relative to its appropriate orthographic control (caviro-CASINO), F1(1, 20) = 10.61, MSE = 529.1; F2(1, 68) = 5.51, MSE = 4,312.6, whereas there were no signs of a priming effect for the pseudohomophone transposed-letter kaniso (relative to its control kaviro).
None of the effects in the error analysis were significant (all ps > .11).
Nonword Data
We failed to find any signs of an effect in the latency/error data (all ps > .20).
Discussion
The main findings of this experiment were (i) the presence of an orthographic masked priming effect by using transposedletter stimuli (caniso-CASINO faster than caviro-CASINO) and (ii) the absence of a phonological transposed-letter priming effect (i.e., similar response times for kaniso-CASINO and kaviro-CASINO). Taken together, these findings have important implications for the choice of an input coding scheme of the letter encoding process. This experiment sheds additional light on the role of orthography and phonology in the transposed-letter priming effect. As indicated in the Introduction, the evidence of a role of phonology in the early stages of letter position coding is very limited. Of course, it is difficult to accept the null hypothesis, and one could argue that the manipulation in the Carreiras (2006, 2008) and in the Perea and Pérez (2009) experiments occurred in internal syllables. Keep in mind that there is evidence that shows that masked phonological priming tends to vanish in internal syllables . The present experiment fills this gap, since we manipulated the orthography of the initial letter/syllable by keeping exactly the same sound (i.e., the transposed-letter prime caniso sounds exactly the same as the pseudohomophone transposed-letter prime kaniso). As in prior research, we found the typical transposed-letter effect (caniso-CASINO being responded faster than caviro-CASINO; Perea & Lupker, 2004) , and we failed to get any signs of an effect of phonology: The response times for kaniso-CASINO and its control kaviro-CASINO were virtually the same. Consistent with this pattern of data, Grainger, Kiyonaga, and Holcomb (2006) found that masked transposed-letter priming (barin-BRAIN vs. bosin-BRAIN) and masked pseudohomophone priming (brane-BRAIN vs. brant-BRAIN) have different topographical and temporal distributions using event related potentials. Thus, the data from Grainger and colleagues revealed that putatively orthographic effects such as the transposed-letter effect arose earlier than phonological effects. What is more, using parafoveal previews in a normal reading task -which is highly sensitive to phonological influences, Acha, Perea, and Nakataki (2009, April) found that the fixation durations on a target word in Katakana (a.me.ri.ka ) was similar when the preview was the ''transposed-phoneme'' nonword a.re.mi.ka and when the preview was the nonword control a.ke.hi.ka . In addition, there does not seem to be a confusability effect when transposed-letter nonwords (e.g., cholocate) are presented auditorily (Bowers, 2008;  i.e., the response times and error rates are similar to those of replacement-letter nonwords), which again adds support to the view that transposed-letter effects originate from prelexical orthographic processing rather than from phonological processing. Finally, we should note here that we have also employed additional manipulations to those presented in this paper (e.g., using a longer SOA in this experiment, or comparing cuniso-CASINO vs. ceniso-CASINO, among others), but once more we failed to find a modulating effect of phonology on the magnitude of the transposed-letter priming effect.
1 Taken together, the more parsimonious account is that letter position coding is chiefly orthographic in nature.
How can the recently proposed input coding schemes for visual-word recognition accommodate the present data? As indicated in the Introduction, the SERIOL model assumes the presence of a phonological route that operates with biphones in the same way that the orthographic route operates with bigrams (Whitney & Cornelissen, 2005 . Both bigrams and biphones formed by the initial letters would entail more activation than the final ones. Specific simulations on an implemented version of the model are necessary, although it seems that the SERIOL model would (wrongly) predict an advantage of kaniso-CASINO over kaviro-CASINO -in terms of shared biphones. Nonetheless, the model is not completely explicit on whether the activated biphones compete with the activated bigrams at some level. (In fairness to the SERIOL model, we should indicate that the presence of biphones captures other phenomena, such as the conal-CANAL vs. cinal-CANAL effect (Pollatsek et al., 2005) . With respect to the other input coding schemes (e.g., SOLAR model, Davis, 1999; open-bigram model, Grainger & van Heuven, 2003; overlap model, Gómez et al., 2008) , even though the ''front end'' of these models does not need to be modified, the dynamics should be adapted to deal with phonological processing, such as the conal-CANAL vs. cinal-CANAL effect (see Pollatsek et al., 2005) , or the fomie-FAUCON effect , among others.
In sum, using a simple (but elegant) design, this experiment demonstrates that the transposed-letter priming effect occurs at an early orthographic level without being influenced by phonology. Even though phonological coding takes place at a very early stage of word processing -as deduced from a number of masked phonological priming experiments, this stage seems to occur slightly later than letter position coding -which is essentially orthographic. The reported finding is consistent with recently proposed coding schemes such as the SOLAR, open-bigram, and overlap models.
1
In addition, in another experiment, we found significantly faster (12 ms) response times to kaniso-CASINO than to daniso-CASINO. Although this could be taken as evidence of a phonological influence on letter position coding, there was a confounding here. The stimuli kaniso and CASINO share the initial phonological syllable, and thereby this difference may just reflect a syllable priming effect (e.g., as reported by Carreiras et al., 2005) .
